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NonNon--Linear System Subject to Linear System Subject to 
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Perturbation ExpansionPerturbation Expansion
Series SolutionSeries Solution
Example of Example of DuffingDuffing OscillatorOscillator
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A  nonlinear system subject to a random excitation is A  nonlinear system subject to a random excitation is 
given as given as 

For small For small εε, a, assume a solution in the form ofssume a solution in the form of

.
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Substitute in the equation and order as powers of  Substitute in the equation and order as powers of  εε, , 
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Where we usedWhere we used
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The resulting equations are linear and can be solvedThe resulting equations are linear and can be solved
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Response StatisticsResponse Statistics

.
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StationaryStationary
ResponseResponse

DuffingDuffing Oscillator with Gaussian ExcitationOscillator with Gaussian Excitation

.

AssumeAssume
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For Gaussian ProcessesFor Gaussian Processes
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This gives the variance of X up to the 1This gives the variance of X up to the 1stst order in order in 
εε.  Other statistics can be found similarly..  Other statistics can be found similarly.
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Concluding RemarksConcluding Remarks
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Perturbation MethodPerturbation Method
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